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SLEEP PATTERNS OF WORKERS ON ROTATING SHIFTS

J. Foret* and O. Benoit*

In the past few years, the problem of the physiological effects /337*

of changes in the sleep-wakefulness alternation has been extensively

studied (Lille, 1967, Weitzman et al., 1970, Berger et al., 1971;

Kripke et al., 1971; Knauth and Rutenfranz, 1972). These investi-

gations took place under one of two extreme conditions. They in-

volved either acute inversions in volunteer subjects or prolonged

(one week or more) changes in shifts of workers. In fact, in the

industrial realm, more and more imtermediate situations are found

with rapidly alternating time tables (3 or'4 days). Moreover, holi-

days and weekends interrupt work periods and disrupt adaptations with

a return to normal time tables. In this study, sleep of workers on

alternating time tables was described according to sleep duration

and pattern of sleep stages. Diurnal and nocturnal sleep periods

were compared, and the influence of the time of day or night on the

structure of sleep was emphasized.

Laboratory of Physiology of Labor, 41 Rue Gay Lussac, F-75005
Paris, and Laboratory of Physiology - CHU Piti6 -- Salpetriere,

91 Bld. de l'H6pital, F-75634 Paris Cedex 13 (France).

Numbers in the margin indicate pagination in the original foreign

text.
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Methods

The sleep of 19 adult male subjects was recorded during periods

of sleep at day and at night. Most of the recordings were taken in

a sleep laboratory. Certain controls were performed at the place of

work through the use of a magnetic recorder. All of the recordings

were taken during work periods at times when the subjects would nor-

mally have slept if they had not been involved in this investigation.

Among the 74 recordings, 53 were usable. They were classified

according to Table 1.

TABLE 1

Number of recordings
Population

Late
Night Day t Total

night

Train conductors
N = 5 13 2 6 21

Night shift on the Metro
N = 9 (22:30 - 6: 30) 9 9

Mail sorters

N = 5 (21:30 - 5:30) 7 16 23

Total 19 20 27 6 23

Recordings were taken several (21to 5) times for each subject,

most often at night and during the day.

The sleep period were reclassified into: Day sleep, if it

began after 6 a.m.; Night sleep, if it began after 1 a.m.; and Late /338

night sleep, if it began between 1 and 6 a.m.

The ages of the subjects ranged from 27 to 49 years. The older

subjects were train conductors (mean = 41.5 years). Past history of

sleep under alternating time tables was variable, and was very long
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for some train conductors (up to 20 years). It was not less than

two years for any subject.

Recordings and analyses of tracings\were performed according to

the terminology of Rechtschaffen and Kales (1968). In addition to

EEG changes, eye movements (O.M.) were recorded by 3 electrodes,

2 on the external orbital region and one between the eyes. Ampli-

tude, direction, or rapidity of eye movements were not taken into

account.

The electromyogram of the chin was taken by two electrodes

placed under the chin. In addition, cardiac and respiratory rhythms

and possible environmental noises were recorded. The following ab-

breviations will be used: PS = paradoxical sleep; SWS = slow wave

sleep (stages 3 and 4); NPS = non-paradoxical sleep, or total sleep

minus PS.

Results

The results will be analyzed according to sleep duration and

composition of sleep under the three types of time tables studied

(night sleep, late night sleep, and day sleep).

i. Duration of Sleep

A. Total duration of sleep

Excluding sleep interrupted to resume work, the means taken

from the recordings were as follows:

Night (min) 475 + 68.8 min

Day (min) 356 + 99.9 min

Late night (min) 346 + 71.7 min

To total duration of diurnal sleep, like that of sleep begin-

ning after 1 a.m., is about two hours shorter than the total dura-

tion of night sleep. These differences are significant (p <0.01).\
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The variability in the duration of diurnal sleep is particularly

large. This could be due to the fact that the time at which day

sleep begins is more variable than that for night sleep.

B. Total duration of/sleep as a function of

time of day

The duration of sleep periods was studied as a function of the

starting time for one of the occupational categories, train conduc-

tors (Figure 1) (Foret and Lantin, 1972). The duration of unlimited

sleep at home, like that of

sleep after the end of work, was

related to the starting time of : Sleep eriod rk

sleep by a linear plot with Aa t homel

negative slope (correlation Y =

0.94, p <0.OO1).
41

I -..------..-.--

The later a sleeper goes to 2

bed, the less he sleeps. Awaken-

ing nearly always takes place at 20 24 2 6 10 14 18

Time of onset of
the same time (between noon and sleep

sleep
2 p.m..), whatever the time of

Figure i. Duration of sleep,
going to bed. expressed in hours, as a func-

tion of the time of sleep on-
set. The equation of the re-

C. Total duration of gression line is: Y = 0.87x +
335, where, expressed in min-
utes, Y represents the duration

of the duration of of sleep and X the time lost

preceding wakefulness per minute

A possible relationship between the duration of sleep and that

of preceding wakefulness was investigated. In 38 instances for

which these variables were known, the correlation between duration of

sleep (Y) and duration of preceding wakefulness (x) was calculated

without regard to the time table of sleep. We found r = 0.51, which

is significant at the 0.001 level.\ The equation for the regression

line was:
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hour hour
y = -0. 2 6 xhour + 10.9

(Figure 2).
Sleep duration

(hours)
The duration of sleep is N=38 /339

y .- C,262 x 10,97

thus inversely proportional to r =-0,51 p001 S

the duration of preceding 0•

wakefulness. o I

5**

2. Organization of Sleep

0 5 10 15 20 25

Preceding wakefulness, hrs
A. Absolute durations Figure 2. Duration of sleep as

of different stages a function of the duration of
preceding wakefulness. The
vast majority of recordings

The mean durations (in min- used were taken after periods
of wakefulness of durations be-
tween 14 and 22 hours. The re-

sleep (night sleep and day sleep gression line is thus signifi-
cant only for the portion cor-
responding to moderately long

(periods of wakefulness (from 14
to 24 hours). Thus we can pre-Because absolute duration is
dict a period of sleep of 6. 6

being plotted, the curve for di- hours for a duration of wake-
fulness of 16.8 hours (y = 6.6urnal sleep, which is shorter

hrs, R = 16.8 hrs)
than night sleep, lies entirely

below that of night sleep. The

shortening of the different stages is not proportional to the overall

reduction, but takes place in stages 1 and 2 and PS, while the

amount of diurnal and nocturnal SWS is not significantly different.

Although diurnal PS is less than nocturnalPS, the two did not

differ significantly. On the other hand, stages 1 and 2 are short-

ened to a highly significant extent (p < 0.001) (by an average of1
45 minutes).

To delineate more closely the observed changes, the percentages

of each stage were studied first as a function of the duration of 1

sleep, then as a function of the order-of cycles, and finally, as\

a function of the starting time of sleep.
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B. Percentage of the stages as a function

of the duration of sleep

Sleep duration is a very important factor in the composition of

sleep. As in a normal night (Verdonne, 1968; Webb, 1971, SWS over-

whelmingly dominates at first, then diminishes gradually, while PS

has an opposite course of change. The different types of sleep

mn
200. %

35

30
150

25

4h 6h 8h

50.- -Ni ghtl 30

25

20-
SI PSJ 2 SW 15

Figure 3. Absolute mean amounts
expressed in minutes, of-differ- 10
ent stages for nocturnal sleep 5
(N = 20) and for diurnal sleep

(N - 27) 6h 8SP
'Day Night Late Nightl

(night, day, and late night)

were thus compared with equal Figure 4. Changes in the per-
durations to calculate the per- centage of paradoxical sleep

durations to calculate the per- (PS) and slow wave sleep (SWS)

centages of SWS and PS (Figure 4). for sleep of 4, 6, and 8 hours
duration for the three cate-
gories: day sleep, N = 17;

In every case, the percent- night sleep, N = 18; late

age of PS increases with sleep night sleep, N = 14. This
figure shows how the percent-

duration. The difference in per- ages of SWS and•PS change when

centage of PS observed between the duration of spontaneous
sleep lengthens

day and night for sleeps of 4

hours is barely significant

(p <0.05).1
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The percentage of SWS diminishes with the duration of sleep,

at night or during the day. As for late night sleep, this percent-

age (p < 0.05)is significantly less for durations of 4 hours,and increases1

slightly at the limit of significance (p < 0.10) for sleep of 6 hours.

These changes are comparable to those in the representation of

stages of sleep during successive hours of the same night (Webb,

1971). The abbreviated sleep periods thus appear similar to those

of the beginning of night. They follow the laws of internal organi-

zation of sleep which persist regardless of the time of day or the

sleep which is produced. Nevertheless, with sleep periods of equal

duration, some effects of the time table can be seen.

C. Distribution of SWS and PS as a function

of the order of cycles

The mean durations of PS and SWS were calculated for all of the /340

first cycles, then for the second cycles, and so on, without taking

into account the exact time of occurrence of PStand SWS (Figure 5).

(According to convention, the first cycle does not contain PS, since

an entire cycle is defined as between the beginning of a period of

PS and the beginning of the next.) Under these conditions, it can

be stated that PS and SWS have the same distribution during the day

as at night, even though the curves at night remain on the same side

of the day curves for the first 3 cycles. The curves for PS do not

differ significantly. As for those of SWS, the observed difference

from the fourth cycle is highly significant, while that of the sec-

ond cycle is significant only at the level of p = 0.10.

D. Distribution of SWS and PS as a function

of the starting time of sleep

Sleep periods of duration between 4 hours, 30 minutes, and 5

hours, 30 minutes were compared. The changes in the amounts of PS

and SWS observed for sleeps beginning at 9 p.m., 11, p.m., 3, 5,

and 8 a.m., are shown in Figure 6. Because of the small number
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mn/cycle

50- 
50- Sleep duration: 5 hrsi

3+4

20DyPS Bedtime]

40- • 30-

. Figure 6. Percentage of dif-

ferent stages of deepness for
10- .sleep lasting approximately

*. ig five hours and beginning at
. Night 3 +_41 9 p.m., 11 p.m., 3, 5, and 8

. Day 3 + 41 a.m.

0 1 2 3 4 5 I
Cycle no.\ of observations, this figure

Figure 5. Mean amount of slow is only suggestive.
wave sleep (SWS) and paradoxical
sleep (PS) as a function of the
order of the cycle for night and The amount of PS increases /341
day sleep, independent of the in proportion as subjects go
time of occurrence of periods

of PS to bed at night, and attains

its maximum for sleep periods

beginning about 5 a.m. It then declines fbr those going to bed later.

The curve expressing the amount of SWS as a function of the time

of going to bed appeared inverted with respect to the preceding one.

The first peak corresponds to classical sleep of night sleepers.

After a reduction during sleep from about 2 to 3 a.m., the amount

of SWS again increases from 4 to 5 a.m.

Discussion

At time other than the usual hours of hight, the composition

of sleep is determined by the compromise which must be made among

the requirements of the internal organization of sleep, the subor-

dination of PS to the influence of the time of day or night, and
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other possible characteristics of the situation, including sleep

deficit and preceding prolonged wakefulness, which primarily act on

non-paradoxical sleep.

This compromise is due, in the first place, to the rigidity of

the internal organization of sleep in the normal subject. Under im-

posed changes (displacements in the nycthemeron or reductions in

duration), the structure of sleep remains undisturbed with respect

to duration, alternation of cycles, and the differential distribution

of SWS and PS. Taking into account this important point, our results

nevertheless show, in subjects undergoing changing time tables for a

number of years, an influence of the time of sleep on its duration

and composition.

Contrariwise, with acute inversions, no differences have been

found in the duration of spontaneous sleep and only minimal differ-

ences in the composition of stages of diurnal or nocturnal sleep

(Weitzmann et al., 1970. After an inversion of time tables, however,

a reduction in the amount of PS has. been noted (Weitzmann et al.,

1970). This disparity is probably due to the fact that the reported

experiments were performed in the laboratory with time tables and

durations of sleep imposed on young subjects. The reduction in di-

urnal sleep with respect to nocturnal sleep has, however, been re-

ported (despite the differing methods of measurement) in recordings

of sleep of night workers (Lille, 1967; Knauth and Rutenfranz, 1972;

Bryden and Holdstock, 1973), as well as in studies of larger popula-

tions of workers on alternating time tables (Tune, 1969; Quaas, 1969).

Total duration of sleep

The total duration of sleep appears to be regulated by a circa-

dian periodicity, as is suggested by the negative correlation between

the duration of sleep and the actual time of onset. Likewise, the

negative relationship between the duration of sleep and preceding

wakefulness, already found by Aschoff (1970)lin men deprived of tem-

poral markers (isolation in a bunker), bears witness to the rigidity

of physiological mechanisms which tend to restore the displaced
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sleep period to the usual time. According to our results, the

effect of alimentary events appear to have a secondary influence.

A meal which is habitually taken before diurnal sleep follows it

at awakening in the afternoon.

It is clearly evident that the negative relationship between

the duration of sleep and the duration of wakefulness is valid only

for moderate durations of wakefulness. In fact., other factors should

be in operation with very short periods of wakefulness (subjects hav-

ing slept the day after night work and sleeping the night afterwards);

for example, with a rest or with a change in alternation of time

tables. Similarly, with very long periods of wakefulness comparable

to sleep deprivation, the effects of fatigue and the need for re-

cuperation can intervene and modify the relationship in the direc-

tion of lengthening the duration of sleep.

Organizationof sleep

The differences in composition between day and night sleep ap-

proach those observed between the sleep of brief sleepers (less than

6 hours) and those of long sleepers (more than 9 hours) (Webb and

Agnew, 1970; Hartmann et al., 1971). In these studies, as in our

own, the total amount of SWS is remarkably stable (70 - 90 minutes).

The difference in total duration originates in differences in stages

1 and 2, and secondarily in the differences in PS. These differ- /342

ences do not arise solely in changes of diurnal sleep duration with

respect to nocturnal sleep. Other factors which are introduced by

the inversion of time tables also exert an influence.

Certain findings argue in favor of a circadian periodicity for

paradoxical sleep. The mean difference between the total amount of

diurnal and nocturnal PS is smaller than that between brief and long

sleepers (17 minutes as opposed to 60 minutes, with equal sleep

durations). Paradoxical sleep is more common at the onset of di-

urnal sleep than in the onset of nocturnal sleep. With equal sleep

durations, the amount of PS increases for sleeps beginning after

3 a.m., then diminishes for later sleep.
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The changes in SWS can be explained by a circadian periodicity

or by lengthening of the amount of wakefulness. According to the

circadian hypothesis, the end of the night would be the portion of

the nycthemeron least favorable to sleep, whereas the morning would

constitute a period of renewed favorability for the appearance of

SWS. On the other hand, however, the total amount of SWS does not

seem to be highly dependent on the time table of sleep, and the bi-

modal aspect of the curve representing SWS as a function of the time

of going to bed is not in agreement with a simple circadian varia-

tion. The circadian influence on the course of SWS, if it exists at

all, remains secondary. The only argument in its favor is the re-

duction of SWS for sleep beginning between 3 and 5 a.m.

The primary factor thus appears to be the duration of preceding

wakefulness (Webb and Agnew, 1971). In the instance of night work

on an alternating time table, the duration of wakefulness is length-

ened after several nights of work (because of the shortening of di-

urnal sleep), as well as during the first night of work. After a

change in time table, there is most often a "white night", and thus

a sleep deficit. If the increase in' duration of wakefulness is to

account for increases in the duration of SWS in sleep taking place

after 5 a.m., it still does not allow an explanation of the observed

reduction for sleep beginning about 3 a.m. This diminution could

be due to a competition between PS and SWS. Sleep beginning after

3 a.m. contains the most PS. Given that considerable plasticity

exists in the light states, this hypothesis is not very plausible.

A better explanation would come from the secondary influence of a

circadian periodicity which would compensate more or less for the

increase in duration of wakefulness. The first hours of the morning

constitute a pivotal period during which the sleep periods would be

less clearly structured than with entirely diurnal or nocturnal

sleep. The role of the sleep deficit appears negligible. The qual-

ity of SWS and of PS, day or night, are not significantly different,

and do not show a "rebound" phenomenon, which would have been ob-

served in cases of sleep deprivation (Webb, 1969). After some years

of working on alternating time tables, sleep and, more particularly,

PS are still influenced by the time table. Globus et al. (1972)
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also reached this conclusion in a study of the cyclic organization

of sleep in night workers. It seems plausible that the systems of

wakefulness may also be influenced by this effect (Colquhoun, 1971;

Mouret et al., 1972). The relative resistance of the circadian

organization of wakefulness and sleep systems, whatever the cause

might be, accounts for the double difficulty encountered by night

workers - that of remaining alert at night and sleeping during the

day. This difficulty is aggravated by the struggle between the

"synchronizers" (light-dark alternation, social life, etc.) imposed

by the shift in time table. In the case of shifts due to the

crossing of time zones, this struggle against the external syn-

chronizers does not interfere with the factors which apparently

facilitate adaptation.

In conclusion, night remains the period when all of the factors

which influence sleep combine in the most harmonious fashion. When

other time tables are imposed, the resistance of circadian periodi-

city becomes manifest. Thus, the shortening of diurnal sleep prob-

ably reflects the inability of the organism to accommodate the

conflicting factors discussed above.

Summary

Workers who have been on rotating shifts for several years have

served as subjects for the recording of the EEG during nocturnal and

diurnal sleep. The duration of sleep is reduced when it must take /343

place during the daytime or, more generally, at times other than

usual sleep periods.

The later the subject goes to sleep, the shorter is the dura-

tion of daytime sleep. The amount of daytime paradoxical sleep (PS)

is less than during the night, but the amount of slow wave sleep

(SWS) is practically the same in these two conditions. The amount

of PS increases as a function of time in a period of sleep during

the night, as well as during the day, but it increases more rapidly

during the first cycles of daytime sleep.
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The amounts of PS and SWS are dependent on the time when sleep

begins, but in different manners: the occurrence of PS seems to

follow a circadian rhythm, ,with the most favorable period in the

nycthemeron,at the end of the night and at the beginning of the

morning. On the contrary, SWS is much more dependent on the dura-

tion of the previous wakeful period.

The difficulties experienced by workers with alternating work

schedules should be attributed more to the schedule shift than to

the lack of sleep itself.
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